Growth, cecal volatile fatty acids, mineral profile of plasma, liver weight and gastrointestinal weights were measured in rabbits fed isonitrogenous, equicaloric diets containing 3, 6, 9 or 12% dietary crude fiber from either alfalfa or Coastal Bermuda grass. Rabbits were fed from 4 to 8 wk of age. Alfalfa diets improved (P<.05) average daily gain (20.5 vs 11.9 g/d) and livability (67.5 vs 42.5%). Feed intake, average daily gain and livability increased linearly with increasing fiber content within the alfalfa diets only. Source of fiber had no effect on total or individual cecal volatile fatty acids, except for an increased proportion of isobutyrate in rabbits fed Coastal Bermuda grass. Increased fiber level did not affect total volatile fatty acids, but did increase the proportion of butyrate and the butyrate:propionate ratio for both sources. Decreased propionate and valerate proportions were observed in cecal contents of rabbits fed Coastal Bermuda grass. Increased fiber levels decreased cecal pH in Coastal Bermuda grass-fed, but not alfalfa-fed rabbits. Relative cecal weights decreased as fiber levels increased for both sources. Coastal Bermuda grass diets resulted in larger stomach weights. Neither dietary fiber source nor level caused a consistent alteration in plasma mineral profile. The butyrate:propionate ratio reflected to a greater extent the value of feeds in fattening rabbits than did the acetate:propionate ratio normally calculated for ruminants and horses. It is concluded that the growing rabbit requires greater than 9% dietary crude fiber and that Coastal Bermuda grass is not a suitable source of fiber.
Introduction
Nonruminant herbivores consume substantial amounts of fiber, but exhibit species differences in utilization. Although fiber is poorly digested by rabbits (Slade and Hintz, 1969) , a certain amount is required for adequate growth (Spreadbury and Davidson, 1978; Cheeke and Patton, 1978) . In addition, lack of dietary fiber has been associated with enteritis in caged rabbits (Colin et al., 1976) . Unrecognized dietary factors associated with the fibrous fractions of plant products have been reported in several species of nonruminants (Lakanpal et al., 1966; Lebas and Laplace, 1977; Hegde et al., 1978; Maurice and Jensen, 1978; Knehans et al., 1979) .
Source of dietary fiber also determines the beneficial responses in rabbits (Harris and Johnston, 1979) . Coastal Bermuda grass (Cynodon dactylon) is a common fiber source used for ruminants and is generally considered a good quality forage. It is an adequate forage for mature animals. However, muscular dystrophy in early weaned lambs (Borgman et al., 1963) and high mortality and decreased gains in growing rabbits have been reported (Borgman and Mitchell, 1966) .
The current study was designed to investigate the effects of increasing levels of crude fiber and source of fiber on growth, feed intake, feed conversion, cecal volatile fatty acids (VFA), organ weights and plasma minerals of early weaned New Zealand White rabbits. Coastal Bermuda grass and alfalfa (Medicago sativa) were compared as the major source of fiber for diets containing 3, 6, 9 or 12% crude fiber.
Materials and Methods
Animals and Husbandry. One hundred and thirty-three New Zealand White rabbits (4 wk of age), obtained from Zawacki Farm, Barnwell, South Carolina, were randomly assigned to cages by weight classes. The weight classes were as follows: light weights, 300 to 500 g; medium weights, 551 to 750 g and heavy weights, over 1105 JOURNAL OF ANIMAL SCIENCE, Vol. 56, No. 5, 1983 751 g. Rabbits were housed in hanging, wirebottomed (2.5 • 5 cm mesh) cages with either five or six animals/cage. The cages were 66 • 76 x 46 cm and 80 x 76 • 46 cm, respectively. Water and feed were available ad libitum. Feed was presented in J-shaped, hanging feeders. The rabbitry was enclosed on three sides and the open side was covered on cold nights. All animals were exposed to a 14-h photoperiod and a 10-h scotoperiod.
Diets. Experimental diets were formulated according to NRC (1977) specifications (table  1) . All diets were dry pelleted in a laboratory pellet mill (California Pellet Mill Model CL-3). The diets were isonitrogenous, equicaloric on the basis of digestible energy and contained similar levels of the macroelements. The dietary concentrations of lysine and sulfur amino acids were based on the recommendations of Adamson and Fisher (1973) . Crude fiber (CF) was either 3, 6, 9 or 12%, with dehydrated alfalfa or dehydrated Coastal Bermuda grass serving as the major source of fiber. These were designated 3C (3% CF, major fiber source as Coastal Bermuda grass), 3A (3% CF, major fiber source as alfalfa), 6C, 6A, 9C, 9A, 12C and 12A, Measurements and Cbemical Analyses. Feed intake and animal weights were taken weekly for 4 wk on a cage basis. Individual feed intake was based on the average number of animals in a cage for a particular week.
At the end of 4 wk, three or more animals per treatment were killed. Blood samples were drawn by frontal heart puncture just before killing. Plasma samples were frozen and stored at -20 C pending analyses. The carcass was dissected and the gastrointestinal tract removed. The pH of cecal content was measured using a pH meter, with a single probe combination electrode, via a small slit in the body of the cecum. A sample of the cecal content was placed in a plastic bag, gassed with CO2, sealed and placed on ice. The samples were stored at -20 C. The gastrointestinal tract was washed, separated into stomach, small intestine, cecum and ascending colon, and the parts weighed.
Cecal samples were thawed and centrifuged at 39,100 x g at 2 C for 20 min. The supernatant was removed and acidified with 1 N sulfuric acid and recentrifuged at 25,000 • g at 2 C for 10 min. Cecal VFA concentration was determined in a 1:1 deionized water dilution of the resulting supernatant by gas chromatography (Hewlett Packard 5710A gas chromatograph). A stainless steel column (152.4 x .318 cm) packed with 20% neopentylglycolsuccinate (NPGS) and 2% HaPO4 on 60/80 dimethyldichlorosilane (DMCS) acid washed chromosorb W was used. Flow rates were: 30 ml/min H2; 240 ml/min air and 20 ml/min N2 (as carrier). Column temperature was 130 C.
Feed samples were analyzed for crude protein by the Kjeldahl method. Acid detergent fiber (ADF), neutral detergent fiber (NDF) and lignin were determined by the method of Goering and Van Soest (1970) . Plasma levels of Ca, P, Na, Zn, K and Cu were determined by atomic absorption spectrophotometry (Perkin Elmer Model 503). Plasma C1 was determined using a chloridometer (Buchler-Cotlove).
Design and Statistical Analyses.
A randomized, complete block design was used with a factorial arrangement of treatments between two fiber sources and four fiber levels. Cages of five to six rabbits served as experimental units. The weight classes represented blocks. Statistical analysis was conducted by using least-squares and orthogonal polynomials for fiber levels nested within the two fiber sourccs (Harvey, 1975) .
Results and Discussion
Growtb Performance. Alfalfa was shown to be superior to Coastal Bermuda grass as a fiber source for growing rabbits. Diets containing alfalfa resulted in improved overall growth (table 2) and decreased mortality (32.5 vs 57.5%; figure 1) when compared with Coastal bValues based on the average number of rabbits" cage -t "wk "1 .
CAll rabbits in one cage had died by the last week.
dMean + SE. eLinear effect of crude fiber level within source (P<.05).
fEffect of source (P<.O5). gcubic effect of crude fiber level within source (P<.O5) indicating lack of fit for lower order effects. Bermuda grass (P<.01). Within the alfalfa diets, as fiber level increased, there was a linear increase (P<.05) in average daily gain (ADG) and feed intake. This relationship was observed throughout the 4-wk period for ADG. Feed intake, on the other hand, showed a linear response only during the first 2 wk. Thereafter, no significant differences were detected in fecd intake for alfalfa diets due to fiber level.
While Coastal Bermuda grass significantly depressed growth and livability, no benefit was associated with increasing crude fiber levels as found with alfalfa. A depression in feed intake was observed with Coastal Bermuda grass only during the first 2 wk. It appeared that the deleterious effects of low fiber diets and Coastal Bermuda grass decreased with the age of the rabbit. It was noted that at the 3% CF level, gains and feed intake of rabbits fed the 3C diet slightly exceeded those of the 3A diet.
Depressed performance for both fiber sources at the 3% CF level could be attributed solely to low dietary fiber. While higher levels of crude fiber from alfalfa allowed greater growth and feed intake, the presence of Coastal Bermuda grass in the diet depressed animal growth. These results are similar to those of Borgman and Mitchell (1966) , who reported poor growth and high mortality when growing rabbits were fed Coastal Bermuda grass diets. The adverse effects of Coastal Bermuda grass in rabbits may be due to a growth inhibitor that impairs feed intake and(or) energy utilization. Borgman and Mitchell (1966) , using a number of solvents, were not able to extract a fraction that inhibited growth. However, the addition of 300 g dextrose/kg Coastal Bermuda grass diet reduced mortality and improved growth slightly.
The majority of the death losses were related to nonspecific enteritis. Necropsies failed to provide evidence of coccidiosis or intestinal parasites. Reduced mortality with increased dietary fiber agrees with previous reports (Spreadbury and Davidson, 1978; Cheeke and Patton, 1978) . Although there was high mortality with Coastal Bermuda grass diets, no evidence of muscle degeneration, as reported by Borgman and Mitchell (1966) , was apparent. These authors observed the muscle changes only after 4 wk on the diet, while the present study lasted only 4 wk.
The results of this study are interpreted to show that the response to dietary fiber is affected both by source and level. Grower diets for rabbits need to contain more than 9% CF for maximum live weight gain when alfalfa is used. This observation is in agreement with the report of Spreadbury and Davidson (1978) . Although ADG appeared to taper off at 12% CF, a significant plateau of the least-squares line could not be detected after 9% CF.
Increased feed intake associated with high fiber diets has been attributed to maintenance of energy homeostasis (Lebas and Laplace, 1977; Spreadbury and Davidson, 1978) . The results of the current study do not fully support this hypothesis. Because all diets were calculated to be equicaloric, the higher fiber levels were not diluting energy. It is logical to assume, therefore, that other factors are involved in the regulation of feed intake as dietary fiber is increased.
Fur chewing was observed in animals fed the 3C, 6C and 3A diets. This type of pica could be a further indication of the inadequacy of low fiber and Coastal Bermuda grass diets.
Physiological Measurements. Cecal plt and organ weights are given in table 3. While feed intake increased with crude fiber level, the relative weight of the cecum showed a linear decrease. Diets containing Coastal Bermuda
grass and alfalfa resulted in cecal weight decreases at a similar rate. Relative stomach weights were significantly larger for Coastal Bermuda grass-fed rabbits. Hoover and Heitman (1972) demonstrated increased cecal volume when fiber levels were increased in diets for growing rabbits. Hegde et al. (1978) found inconsistent lowering of gut weights and increasing gut volume for chicks fed high fiber diets compared with chicks receiving low fiber diets. Ceca of these chicks appeared to have thinner muscular walls and a greater area of lymphoid follicles. It was suggested that these changes may be correlated with increased absorptive capacity of the gastrointestinal tract. It is conceivable that the decreased cecal weights seen in the present study were due to decreased thickness of the cecal walls and not to decreased cecal volume. Differences were not detected in the other organ weights (P>.05).
The values for cecal pH correspond well with those reported for normal rabbits (Yoshida et al., 1972) . In contrast to ruminants and horses (Willard et al., 1977) , a decrease in dietary fiber failed to reduce cecal pH in rabbits in this study. With alfalfa, no change in pH could be detected. However, for Coastal Bermuda grass, a significant increase in cecal pH was detected with decreased levels of dietary fiber. The
CRUDE FIBER (%) Figure 2 . Effects of increasing crude fiber levels on the butyrate: propionate ratio of cecal contents of growing rabbits fed diets based on either alfalfa [*mean, least-squares line given by y = 1.31 + .14(%CF -7.5)1or Coastal Bermuda grass [<> mean, rabbit is known to efficiently utilize the avail--...... least-squares line given by ~ = .94 + .12(%CF -able carbohydrate and protein from alfalfa (Slade and Hintz, 1969) . Therefore, it may be inferred that the amount of available carbohydrate reaching the cecum did not change with increasing incorporation of alfalfa in the diet. Coastal Bermuda grass, on the other hand, may have interfered in the digestion of carbohydrates and led to larger amounts of available carbohydrates reaching the cecum, ltowever, total cecal VFA were not affected by either source or level of fiber (table 4). Hoover and Heitman (1972) demonstrated that increased rate of production of VFA with higher fiber diets was due to an increase in cecal volume rather than greater utilization of the diet.
In general, the quantities of the major VFA, in decreasing order, were acetate>butyrate> propionate. This is in contrast to the order normally demonstrated for ruminants (Orskov, 1975) and horses (Argenzio et al., 1974) , acetate> propionate> butyrate. It has previously been reported that animals with functional ceca have greater quantities of butyrate than propionate (Johnson and McBee, 1967 et al., 1978) . Hoover and Heitman (1972) computed that 14 to 39% of the rabbit's caloric requirements supplied by VFA originated from butyrate and suggested that butyrate had a greater nutritional significance for the rabbit than for ruminants. Parker (1976) has demonstrated that a considerable amount of acetate is converted to butyrate in the cecum of the rabbit.
Within fiber levels, there appeared to be significant trends for individual VFA. While acetate demonstrated none of these trends, relative amounts of propionate decreased and butyrate increased with increasing crude fiber. This resulted in a linear increase (P<.05) in the butyrate:propionate ratio for both fiber sources (figure 2). This is contrary to what would normally be expected with increased fiber levels in diets for horses and ruminants. Acetate should increase and propionate decrease (Hintz et al., 1971) as fiber level is increased. The deviation for rabbits may partially be accounted for by the conversion of acetate ,to butyrate (Parker, 1976) . This increase in butyrate does not agree with the lower percentages of butyrate that have been reported for rabbits fed high fiber diets (29.40 vs 14.73% ADF; Hoover and Heitman, 1972) . It may be that at these high levels of fiber, the cecum supports a different variety of microflora than the lower fiber diets used in the present study. Although the levels of valerate were low, increasing crude fiber levels within Coastal Bermuda grass diets depressed its percentage (P<.05). Decreased cecal valerate found here for rabbits has been reported for horses fed increased dietary fiber levels (Hintz et al., 1971) .
Significant increases in the nonglucogenic VFA ratio (NGR) were noted (figure 3). The NGR, as given by @rskov (1975) , is the ratio of C2-to C3-producing VFA and is given by the equation: (acetate + 2 butyrate + valerate)/ (propionate + valerate). It is used to determine the ability of a feed to produce greater quantities of glucogenic VFA that are more efficiently used for fattening in ruminants. The NGR increased linearly as crude fiber levels increased. This was significant for Coastal Bermuda grass diets and approached significance in alfalfa. There were, however, no significant differences in the NGR for the two fiber sources investigated (8.4 alfalfa vs 8.6 Coastal Bermuda grass), despite differences in growth. This response indicates that the ratio may not be useful in evaluating feedstuffs for rabbits. An unknown peak was detected between the isovalerate and valerate peaks. This unidentified peak was more pronounced in cecal contents of rabbits fed low fiber and Coastal Bermuda grass.
While all values reported for plasma minerals are comparable with the current literature (Jones, 1975) , there were some significant treatment effects (table 5) . No effect of source or level of crude fiber could be detected in plasma levels of C1, K, Cu, Zn, Ca:P or anion: cation ratios [(K + Na)/CI]. There was a significant source • level interaction for plasma Ca levels. In rabbits fed alfalfa diets, plasma Ca decreased linearly as dietary fiber increased. Within the Coastal Bermuda grass diets, increases in crude fiber resulted in a linear increase in plasma Ca. Plasma P and Na were affected by increasing levels of crude fiber and the response was modulated by dietary fiber source. Plasma P remained stable over all fiber levels when alfalfa was used. With Coastal Bermuda grass diets, a cubic relationship in plasma P was detected (P<.01). Plasma Na did not change with level of dietary fiber when alfalfa was used, but did increase with Coastal Bermuda grass diets (P<.05).
Deficiencies of mineral elements will generally cause a decrease in blood plasma levels of that element (Underwood, 1977) . The lack of treatment effects on plasma minerals indicates that the decreased growth rates shown in some animals could not be attributed to inadequate nutrition of these elements. Malabsorption of these elements could have been suspected if the ability of fiber to bind minerals and increase rate of ingesta passage was affecting the reabsorption of minerals by the intestines. Adequate absorption and use of K, CI, Zn and Cu could be assumed over all fiber levels and sources used here. Adequate utilization would also appear to be the case with alfalfa for Na and P. Although all treatment means for plasma Ca were within the normal range for rabbits (Jones, 1975) , treatment effects were noted. It has been shown that high bulk in human diets can increase Ca requirement. This response may explain the linear decrease in plasma Ca found with increasing fiber in the alfalfa-fed rabbits. Through the response variables studied, it can be concluded that a certain amount of fiber is necessary in the diet of growing rabbits to maintain growth, feed intake and cecal development. Coastal Bermuda grass was not found to be a suitable source of dietary fiber and should not be used in diets for growing rabbits.
